A seasonal-spatial distribution and ecological risk assesment of the surface sediment are provided for Trabzon Harbour, located in the Eastern Black Sea Region. Sediments were collected from three stations, one of which was a control station, and a total of nine heavy metals were analyzed. In the sedi- on the concentration relationships, the SQGs (practical, reliable and predictive tools for assessing sediment quality), enrichment factor (EF) and Igeo analyses, the results indicated that the harbour has been contaminated by heavy metals to varying degrees, and organic material plays a key role in controlling the distribution of these heavy metal concentrations in the sediment. The spatial distribution pattern of heavy metals in the surface sediments of Trabzon Harbour is a basis for undertaking and providing monitoring studies 
Introduction
Sediments in aquatic ecosystems are home to many benthic and epibenthic organisms. They also affect the behavior of chemicals in these ecosystems. Moreover, they host and act as an important nutrient source for aquatic organisms, which in turn have an important effect on the pollution patterns in the aquatic systems. Sediments in marine environments serve as the ultimate sink of heavy metals [1] . They are also important for the transport and storage of potentially hazardous metals [2] . These metals enter into the aquatic system as a consequence of soil erosion, weathering of rocks, volcanic eruptions and human activities such as mining, dredging, and metal processing and use. Sediment analysis has an important part in determining the pollution status of marine environments [3] .
Trace metals in aquatic environments accumulate primarily in the upper sections of sediment due to biological-geochemical mechanisms. These metals are toxic to marine organisms, and may cause death, impaired growth and reproduction capacity, and thus result in lower diversity of species [4] [5] . These metals also occur naturally in rock and can be introduced into aquatic environments through natural processes [6] . When heavy metals are present in aquatic ecosystems in concentrations exceeding the natural background load, they may accumulate to toxic levels without visible signs. This has become a problem of increasing concern.
It is important to determine whether sediment heavy metal concentrations pose a threat to aquatic organisms. The extent of metal pollution is determined by comparing metal concentrations in surface sediments to the TEL (threshold effects level) and PEL (probable effects level) of the SQGs (Sediment Quality Guidelines) established by [7] [8] and [9] . The extent of metal pollution in marine sediment can be assessed in a number of ways, such as USEPA, Igeo and Enrichment Factor (EF) [10] [11] [12] [13] .
According to Turkey's foreign trade transport data from 2009, 72% of the country's export and 94% of its import goods were transported by sea. Therefore, marine transportation is an important dynamic not only for the global economy, but also for Turkey's economy. The shipping trade is developing rapidly in parallel to advances in technology. In addition, as it is a safer and more economic means of transport, maritime transport is gradually increasing. However, these developments in maritime transport also bring about problems such as marine pollution caused by ships. The discharge of oil to the sea, the use of anti-fouling and anti-corrosive paints, oil spills during shipping and terminal transfers and effluent discharges from refineries probably comprise the anthropogenic sources of Pb, Cr, Fe, Cu, Zn, and Cd into the oceans. Major ecological impacts have also increased in areas remote from the shoreline.
Although there are limited number of studies regarding heavy metal concentrations in the sediment of the Black Sea coastline [14] [15] [16] [17] , to date there has been no research revealing the anthropogenic effects of metals and the environmental risk associated with their concentrations at Trabzon Harbour. The objectives of this research paper were to make the first records of: (1) the seasonal and spatial concentrations of the metals iron (Fe), copper (Cu), cadmium (Cd), lead (Pb), chromium (Cr), zinc (Zn), arsenic (As), manganese (Mn) and nickel (Ni) in the surface sediments of Trabzon Harbour; (2) the seasonal and spatial concentrations of the total phosphorus (TP), total nitrogen (TN), organic matter (OM), total organic carbon (TOC) with clay, sand and silt contents of the surface sediment; (3) the correlation between heavy metals and surface sediment chemical parameters; and (4) the environmental risk associated with the metal contents of the sediments using available SQGs.
Materials and Methods

Site Description
Trabzon is located on the coastline of the Black Sea, the world's largest inland sea, which has a link to the world's greatest seas and a place at the beginning of the transit route used by the Russian Federation and the Republics of Iran, Iraq, and Turkey. Trabzon Harbour plays a critical role in linking these countries to the European and world markets. Trabzon Harbour, having a length of 1.525m docl, a three million ton storage capacity, a ship acceptance of 2.000 and a 250.000 passenger capacity, provides service to container ships, Ro-ro casting and shiploading [18] . Trabzon Harbour is located at 40 57'30''N -41 06'36''N latitude and 40 02'30''E -39 25'00''E longitude [19] 
Study Site
The present research was conducted in Trabzon Harbour. Sediment and water samples were collected from three stations, of which the second (located in a dock with a depth of 9.5 m and a length of 400 m) and third (located in a dock with a depth of 9. 
Sampling and in Situ Analyses
Sediment samples were collected from the three stations using an Ekman-Birge grab and transferred to the laboratory in polyethylene bottles preserved in darkness to block the effect of sunlight. The dissolved oxygen and the temperature of the water were measured using an oxygen meter at the site. The pH of the water was estimated in situ with a pH-meter.
Sediment samples were air-dried for a period of 20 days, homogenized by grinding, and finally passed through a 1.0 mm sieve for texture analyses in laboratory conditions. Organic matter (%) was determined by the loss of weight during ignition at 550˚C for 2 hours [21] . The water content of the sediment samples was specified by considering the difference between the samples before and after drying at 110˚C for 16 hours according to [22] . Total organic carbon in the sediment samples was evaluated with an Organic Carbon Analyzer Unit where total nitrogen values were determined using the Dumas Method. Total phosphorus of the dried sediments was analysed spectrophotometrically after digestion in a mixture of oxidizing acids with reference to [21] .
Surficial sediment samples for Fe, Cu, Cd, Pb, Cr, Zn, As, Mn, and Ni were dried at 60˚C for 24 hours and then sieved and measured after wet digestion with an atomic absorption spectrophotometer (Perkin-Elmer 2380) operating on flame mode. The exchangeable fraction of metals was determined after extraction with a hydrofluoric/perchloric/sulfuric acid mixture. Detection of these metals was performed using the F-AAS technique [21] .
Statistical Analyses
Statistical analyses were performed using Minitab and MStat software for Windows. ANOVA was used to evaluate the statistically significant differences between the sampling periods and sampling sites of the surface sediment [23] . and January 2014 were found to be statistically significant at all the stations for the entire research period (p < 0.05). In this study, water content values were between 56.86 and 68.70% ( Table 2 ). The sediment texture values are shown in Table 2 . The mean concentrations and standard deviations of the studied heavy metals in the sediment from Trabzon Harbour are presented in Table 3 . Based on their maximum content, the components of the surface sediment were arranged in the following decreasing order: Fe > Pb > Zn > Ni > Mn > Cr > Cu > As > Cd.
Results
During
Significant positive and negative correlations between certain sediment chemical properties and heavy metals were established in the summer period, keeping Y. K. Kucuk, A. Topcu in mind that generally, heavy metal toxicity has the greatest effect on aquatic organisms in summer months (Tables 4-6 ). It is important to determine whether concentrations of heavy metals in sediment pose a threat to aquatic organisms. The extent of metal pollution was assessed by comparing metal concentrations in the surface sediments at the stations in this study to the TEL/PEL and Target Limit values of some SQGs (MacDonald 2000) ( Table 7 and Table 8 ). As shown in Table 8 Y. K. Kucuk, A. Topcu 
Discussion
In marine ecosystems, sediments act not only as carriers but also as a sink for contaminants, and they reflect the history of pollution in aquatic systems. The In estuaries, where, in addition to natural inputs, concomitant activities such as harbour activities and industrial, agricultural and residential activities can cause heavy metal release from the sediment to the environment. In the Eastern Black Sea Region, residents and the industrial sector generally use coal or fuel oil for heating. It is well known that ash particles occur as a result of fossil fuel consumption, and this ash is a potential effective source for the atmospherical discharge of many metals. The higher concentrations of Zn, Cu, Mn, Ni, As and Pb, especially in the fall and winter, show that fossil fuel consumption plays a major role in metal composition management in this study.
Chlorophyll-a concentrations reached their maximum levels in the spring and fall periods [27] . at the second station and 54 mg·kg −1 at the third station. The maximum Zn concentration in Trabzon Harbour was found to be lower, whereas the highest Cd concentration was close to the above researcher's findings. It is a well-known fact that Zn, a key and essential element for all living things, has a lower toxicity when compared to other metals. Therefore, Zn concentrations were not found to be high enough to pose a threat to the aquatic organisms in the Trabzon Harbour.
The distribution of some heavy metals (Cu, Zn, Cd, Pb, Fe, Ni, Cr and Mn) in the sediment of the coastline of southwestern Spain was investigated by [28] .
The maximum concentrations of certain heavy metals there were (Zn: 649 mg· Organic matter in colloidal form plays an important role in the exchange capacity of sediment, whereas in the presence of iron, organic matter adsorbs greater amounts of phosphates, as these carry negative surface charges. A high sediment organic material content ensures a fractional humic material context; therefore, this can play a critical role in the phosphorus retention mechanism [29] . The sediment organic material concentration was detected as <20% spatially and seasonally at Trabzon Port, and the positive correlation between TP and TOC indicated phosphorus retention in the sediment.
In aquatic ecosystems, total organic carbon is an important factor in controlling the abundance of some heavy metals [30] . ing that the dredged sediment may be dumped at sea [9] .
TEL/PEL SQGs are applied to determine the degree to which the sediment-associated chemical status might adversely affect the aquatic organisms.
The threshold effects level is intended to present chemical concentrations below which adverse biological effects rarely occur, and the probable effects level is intended to present chemical concentrations above which adverse biological effects frequently occur [12] . The heavy metal concentrations in this study were compared with the TEL and PEL values, and the results are presented in Table 7 and ) at the second station in January.
With the increase of heavy rain in this period, river discharge and erosion also 
Conclusion
Although there are a limited number of existing studies on the sediment of the Black Sea coastline, there has been no research revealing the anthropogenical effect of metals in Trabzon Port. This study investigated the magnitude and ecological relevance of anthropogenic heavy metal pollution in Trabzon Port by means of sediment quality assessment methods. Comparison with sediment quality guidelines revealed that Fe and Pb in the Port sediment are the two main threats causing adverse biological effects. In general, relatively higher ecotoxicological potentials were found at the port stations than at the control station. In conclusion, in addition to natural inputs, concomitant activities such as harbour activities within the port and nearby industrial, agricultural and mining activities can release heavy metals, which could soon pose a threat to the environment due to their accumulation in the sediment. The data from this study regarding metal levels should be used as a baseline reference for future metal pollution monitoring programs in Trabzon Port, which will be a useful tool for authorities in charge of sustainable management.
